Methodology -This study was designed as a case study situated within a particular context in Malaysia. A survey was administered to 150 pre-service teachers enrolled in a university in Malaysia. Confirmatory factor analysis (CFA) of the adapted TPACK survey was preceded by assessing the fit of the measurement model with the data in the study based on the a priori theoretical model.
Findings -The findings revealed that the measurement model adequately fit with the data collected within a Malaysian secondary school context, also lending validity to the adapted TPACK instrument used in this study.
Significance -The adapted and translated TPACK survey was found to be a valuable self-report instrument for measuring pre-service teachers' TPACK knowledge. A greater understanding of TPACK may be required for pre-service teachers before adequate gains in using ICT in teaching can be achieved. Thus, it is recommended that this knowledge should be integrated in the Initial Teacher Education curriculum with more attention to improving access to ICT in Initial Teacher Education and the schools.
INTRODUCTION
Promoting the development of quality teachers is important in enhancing the quality of education (Harris & Sass, 2011) . However, most countries, both developed and developing, are facing the challenging issue of producing quality teachers in the 21st century (Townsend & Bates, 2007; Timperley, 2012) . In January 1997, the Ministry of Education conceptualised the vision of the Malaysian Smart School and the Ministry was made responsible for managing its "Smart School Flagship" (Ministry of Education Malaysia, 1998). About 8,000 schools were equipped with computer facilities under the Smart School project. Malaysia's "Vision 2020" aims to become a "fully-developed nation by 2020" (Frost & Sullivan, 2010, p. 14) . In December 2011, Internet-enabled education was to be realized under the new phase of education transformation by the implementation of 1BestariNet project. It is expected that 10,000 primary and secondary schools across the country are to be equipped with high-speed 4G mobile Internet in an integrated platform, a Virtual Learning Environment (VLE), known as Frog VLE (Ministry of Education Malaysia, 2012). It was reported in the Malaysian Education Blueprint (2013 Blueprint ( -2025 ) that RM6 billion was allocated for ICT in teaching and learning (Ministry of Education, 2012) .
With the advent of ICT, learning becomes interesting and allows learners, for example, to learn language using computer games in acquiring vocabulary (Young & Wang, 2014) and utilize mobile learning for distance learners (Zaibon & Shiratuddin, 2010) . However, teachers' ability to use the provided tools is highly critical in realizing the benefits of ICT (Al-Ruz & Khasawneh, 2011) . According to Davis (1992) , Information Communication Technology (ICT) in the field of initial teacher education has become an important issue since it was first introduced in the UK about 1980s. However, developing pre-service teachers' skills to incorporate ICT into their teaching effectively remains a concern for initial teacher education (Law, 2010; Kirschner & Davis, 2003; UNESCO Bangkok, 2013) . Research indicates that effective integration of ICT in teaching and learning requires the teacher to understand how ICT weaves with pedagogy and content, better known as Technological Pedagogical Content Knowledge (TPACK) (Mishra & Koehler, 2006; Schmidt, et. al., 2009; Archambault & Crippen, 2009; Lux, Bangert & Whittier, 2011) .
Pre-service teachers are being prepared to develop throughout their career in terms of improving their teaching methods, to learn more about the use of ICT, to increase their knowledge of certain subject matter, and to know how their students think and learn (Alayyar, Fisser, & Voogt, 2012) . Therefore, it may be valuable to understand pre-service teachers' TPACK as a way to estimate how well they are prepared to effectively integrate ICT in their teaching. As a standard practice, pre-service teachers should first be able to understand the relationships between "technological knowledge", "pedagogical knowledge", and "content knowledge" before they can become creative in the use of ICT in schools (Mishra & Koehler, 2006) . This explains why the TPACK framework has been considered as a useful tool for understanding how pre-service teachers can integrate technology into teaching and learning (Baran, Chuang, & Thompson, 2011) . Thus, using TPACK is one of the strategic ways to evaluate or assess pre-service teachers' skills in integrating the use of technology in teaching (Schmidt et al., 2009; Sahin, 2011; Lux, Bangert & Whittier, 2011) . In line with this, several studies have acknowledged the need to develop a more reliable and valid instrument when measuring pre-service teachers' TPACK (Mishra & Koehler, 2006; Schmidt et. al., 2009; Archambault & Crippen, 2009) . Several TPACK surveys that were developed and tested on teachers in the United States were reported to be of high internal reliability (Schmidt et al. 2009; Archambault & Crippen, 2009) . Likewise, several studies attempted to validate the TPACK instrument in different contexts of study (Jang & Tsai, 2012; Sahin, 2011; Lee & Tsai, 2010; . However, there has been inconsistent findings in relation to the construct validity of the instrument. For instance, Schmidt et al. (2009) and Lux, Bangert & Whittier (2011) identified a seven and six-factor model respectively. Other researchers found domains that had been interpreted as a combined domain. For example, found a four-factor model and a five-factor model of TPACK. Therefore, the validity and reliability of TPACK used in other contexts are necessary to be examined in order to understand the relationships of TPACK. Mishra and Koehler (2006) have proposed a framework of Technological, Pedagogical Content Knowledge (TPACK) as shown in figure 1 that clarifies the need to develop and understand the technological, pedagogical and content knowledge to effectively integrate ICT in teaching. The TPACK model emphasizes how the connection of the three domains can enhance ICT use in teaching and learning. The combination of PK and CK forms Pedagogical Content Knowledge (PCK). This refers to teachers with the knowledge of delivering their subject effectively to help students to understand the subject clearly. CK and TK form Technological Content Knowledge (TCK) which enables usage of technology to promote teaching of the subject matter. TK and PK form Technological Pedagogical Knowledge (TPK) which helps teachers in choosing the appropriate and available technology tools to deliver the content, plan the lesson and manage the students. A combination of TK, CK and PK forms TPACK which enables teachers in delivering their subject content to the learners using the most appropriate available technology with suitable pedagogy (Mishra & Koehler, 2006) . Studies on TPACK among in-service teachers (e.g.: Archambault & Crippen, 2009; Grandgenette, 2008) and pre-service teachers (e.g.: Nordin, Morrow & Davis, 2011; Koçoğlu, 2009; Neiss, 2005) has received high attention (Abbitt, 2011; Koehler, Shin, & Mishra, 2011) . However, it appears that, very little empirical study has been done in measuring TPACK particularly among pre-service teachers at the start of their field experience.
LITERATURE REVIEW

Measuring TPACK
Several studies have acknowledged the need to develop a more reliable and valid instrument in relation to measuring pre-service teachers' TPACK (Schmidt et. al., 2009; . In line with this, several TPACK surveys that were developed and tested on teachers were reported to be of high internal reliability (Lux, Bangert & Whittier, 2011; Schmidt et al. 2009; Archambault & Crippen, 2009 ). There were also studies which attempted to validate the TPACK instrument in different contexts (Jang & Tsai, 2012; Sahin, 2011; . Generally, there are different ways of measuring the TPACK of pre-service teachers. For example, by conducting self-reporting surveys (Schmidt et al., 2009; Archambault & Crippen, 2009; Albion, Jamieson-Proctor, & Finger, 2010) using pre-and post-surveys or course-specific surveys (Jang & Tsai, 2012; Koehler & Mishra, 2005; JamiesonProctor, Albion, Finger, Cavanagh, Fitzgerald, Bond & Grimbeek, 2013) , "technology integration assessment rubric" (Harris, Grandgenett, & Hofer, 2010) and performance-based measurements like the individual task-based assessment (Koehler & Mishra, 2005) . Koehler and Mishra (2005) began an effort to measure participants' learning in relation to TPACK. They developed a 14 items coursespecific questionnaire to measure 13 Masters students' TPACK development during their collaboration work with four faculty members in designing an online course. The findings indicated significant changes in participants' knowledge of technology application and TPACK, however, the items used were highly contextualized to the design of an online course. Building on the TPACK framework, a few studies were conducted to develop a survey measuring teachers' TPACK (Archambault & Crippen, 2009; Schmidt, et. el., 2009; Sahin, 2011 Archambault and Barnett (2010) revisited the study to establish construct validity of the instrument used. They reported that three separate factors (pedagogical content, technology-curricular content knowledge and technological knowledge) were extracted which explained 58.2% of the amount of variance through factor analysis using varimax rotation. Structural Equation Model (SEM) analysis was conducted to identify the representation of TPACK constructs in a model (Jones, Adelson & Archambault, 2011) . There were discriminant validity issues when all seven constructs became the latent construct (Jones et al., 2011) . Thus, CK and PK were proposed as indicators measuring PCK; TK, TCK and TPK as another set of indicators for TPACK and established the best goodness-of-fitness (GOF) with the data in the study. However, the items were specific to teaching online among in-service teachers and are not suitable for assessment of TPACK in broader educational and technological contexts such as teaching Mathematics or Computer Literacy subject. This is because teaching subject content using certain pedagogical approach and via technology must be studied in specific context, thus items used need to be adapted accordingly.
A few different sets of survey were developed in order to measure pre-service teachers' TPACK (e.g.: Schmidt et al., 2009; Sahin, 2011; Lux, Bangert & Whittier, 2011; Jamieson-Proctor, et. al., 2013) . Schmidt et al. (2009 ) developed a questionnaire and tested with 124 pre-service teachers majoring in elementary and early childhood education, focusing on four content areas (Mathematics, Literacy, Science and Social Studies) at a large Midwestern University. The development of survey went through a rigorous process and produced an instrument consisting of 46 items measuring the TPACK constructs. The alpha reliability values ranged from 0.75 to 0.92 for the various elements of the TPACK model, suggesting that the instrument was reliable. They found that all domains within the TPACK framework were significantly correlated with TPACK and the highest correlation was between Technological Pedagogical Knowledge and TPACK (r=.71). However, due to the small sample size to conduct a factor analysis, the construct validity of the entire instrument was not established.
In a more extended research by Lux, Bangert and Whittier (2011) , they reported a six-factor model with TCK domain not emerging after the exploratory factor analysis. They developed and validated the Preservice Teacher Technological Pedagogical Content Knowledge (PT-TPACK) instrument with 120 pre-service teachers, the majority of whom had participated in field experience during their preparation programme. Beginning of 2011, the Teaching Teachers for the Future (TTF) TPACK survey was developed based on a theorised 4-factor structure, comprising scales to measure pre-service teachers' perceptions of confidence with and usefulness of ICT (Jamieson-Proctor, et. al., 2013) . The TTF TPACK survey attempted to measure the changes in pre-service teachers' TPACK from their involvement in the TTF intervention conducted throughout 2011 at 39 Australian HEIs. The study was administered to all students (N = 12 881) in teacher preparation programs at participating HEIs in May -July 2011 and post-survey in October -November 2011 (N = 5809). A set of 24 items was developed to measure pre-service teachers' use of ICT in their own teaching in two scales; TPK/TCK Confidence and TPK/TCK Usefulness. For TPACK construct, 20 items for two scales; TPACK Confidence and TPACK Usefulness were extended with four items describing how pre-service teachers might support future school students' use of ICT in the curriculum from the original TPACK Confidence Survey (TCS). In contrary to the current study and that of Schmidt et al. (2009) measure the perceptions of pre-service teachers in all seven TPACK domains, the TTF TPACK survey mainly measures two perceptions of preservice teachers; namely, ICT use for future teaching and support of students' learning. Koh, Chai and Tsai (2010) revised Schmidt et al.'s (2009) survey to examine 1185 Postgraduate Diploma/Diploma in Education preservice teachers' technological pedagogical content knowledge (TPACK) in Singapore. The survey consisted of 29 items and reported a five-factor TPACK model. The findings established the construct validity for TK and CK items. The remaining items were grouped into and interpreted as knowledge of pedagogy (KP), knowledge of teaching with technology (KTT) and knowledge from critical reflection (KCR). 'Knowledge of Pedagogy' (KP) was identified as the combination of items for pedagogical knowledge and pedagogical content knowledge. TPK, TCK and TPACK items form the KTT factor. The fifth factor 'Knowledge from Critical Reflection' (KCR) consisted of items in relation to the teachers' reflections about technology integration. Similarly, Chai, Koh and Tsai (2011) performed an instrument validation with 214 Singaporean pre-service teachers. They inserted the phrase, "Without using technology …" into PCK items in order to differentiate between PCK items, and TPK and TCK items. The instrument was highly contextualised to the ICT course offered in the programme which used Jonassen et al.'s (2008) meaningful learning framework that emphasized the specific activity. The findings reported a sevenfactor model of TPACK.
To summarize, studies which examined TPACK validation have shed light to its usefulness in identifying how pre-service teacher's perceived technology infusion in their teaching. The different findings for different contexts have triggered further need for validation studies.
Thus, the study seeks to establish the reliability and validity of TPACK and to evaluate the goodness of fit of the TPACK measurement model.
METHODOLOGY
Design of the study
This is a case study of the phenomenon of field experience used in the preparation of secondary school teachers at one public university in Malaysia. Case study examines "a contemporary phenomenon in depth and within its real-life context" (Yin, 2009) and assumes that examining the context related to the case is fundamental to the understanding of the case (Yin, 2012) . The chosen case study can consist of a program, an entity, or an individual bounded by time and place (Stake, 2006) and data collection approach (Creswell, 2007) . The selection of participants in this study was based on the maximum variation sampling to represent diverse cases in order to fully display multiple perspectives about the cases (Miles & Huberman, 1994) . Furthermore, the focus of the study was within the TPACK framework which consists of technological knowledge (TK), pedagogical knowledge (PK) and content knowledge (CK). Therefore, 'purposive sampling' (Simons, 2009 ) is used in the selection of participants with a total of 150 pre-service teachers who were undertaking field experience at schools.
Survey instrument
The TPACK surveys designed by Schmidt et al. (2009) were adapted to the context of study as the survey was used for pre-service teachers as well. The TPACK questionnaire was previously developed in the USA and has not been tested in a Malaysian education setting. Furthermore, some adaptations were made to the original TPACK survey specifically to CK to suit to the more general pre-service teacher's content knowledge (CK). For example, for CK domain, two items which measure the CK for the specific curriculum areas of Mathematics, Social Studies, Science, and Literacy were changed so that they measure the CK of the pre-service teachers' major and minor subjects during teacher training, i.e. ICT (CK1) and Economics (CK2). Therefore, the item "I have sufficient knowledge about social studies" was changed to "I have sufficient knowledge about my subject matter". The rest of the items for measuring TK, PK, TCK, PCK, TPK, and TPACK, came from either Schmidt et al. (2009) and/or Archambault and Crippen (2009) (see Table 1 ). The final adapted version of the TPACK survey consists of 37 items which were used to measure pre-service teachers' perceptions of TPACK with a five-point Likert-type scale: (1) strongly disagree; (2) disagree; (3) neutral; (4) agree and (5) strongly agree. 
Back-translation Process
The adapted TPACK survey was translated from the source language (SLQ1) into the target language (Bahasa Malaysia version) by three people in the ICT in Education field who are bilingual. Translation is an iterative process which is essential whenever two or more languages are used by the community of the target population (Harkness, 2006) . A combination of pretesting, decentering, back translation and committee approach as suggested by Brinslin (1980) was used to check for the appropriateness of the Bahasa Malaysia (Malay language) version of the TPACK survey among the preservice teachers in Malaysia. The Bahasa Malaysia version was pretested among five pre-service teachers. Based on their comments, the wordings of some items and the definition of each TPACK domain were slightly changed, removed and agreed upon to produce one set of items with appropriate wording in Bahasa Malaysia (decentering). The decentering method allows items to be translated appropriately into the targeted language without using the exact word-for-word translation from the original language. The Bahasa Malaysia version was then back translated into the source language (SLQ2) by another two people in the field who are bilingual to ensure accuracy (Brislin, 1970) . In back-translation, a target language version is translated back into the source language version in order to verify translation of the research instrument (Brislin et al., 1970) . The two sourcelanguage questionnaires (SLQ1 & SLQ2) were compared and if the source language questionnaire (SLQ1) was equivalent to the retranslated back source language questionnaire (SLQ2), then the target language questionnaire was accepted (Harkness, & SchouaGlusberg, 1998) . The final translated questionnaire resulted in 37 items (details of items are shown in Table 1 ) with a five-point Likerttype scale: (1) strongly disagree; (2) disagree; (3) neutral; (4) agree and (5) strongly agree. The Bahasa Malaysia version of the TPACK survey was piloted with 30 pre-service teachers to re-examine the status of its internal consistency because of the adaptations and the different setting. Findings showed the reliability of the constructs ranged from .86 for Pedagogical Content Knowledge (PCK) to .92 for Technological Content Knowledge (TCK). Following that, the adapted TPACK survey was administered to the 150 pre-service teachers in a university in Malaysia during the teaching practice briefing session.
Data Analysis
Data screening was conducted involving checking of data accuracy input, addressing missing values, and determining normality and eliminating outliers. Following that, the analysis continued with the assessment of reliability and validity of the adapted instruments. Cronbach's alpha coefficients above 0.70 are generally acceptable (Hair et al., 2010) . Confirmatory factor analysis (CFA) of the adapted TPACK survey was preceded by assessing the fit of the measurement model with the data in the study based on the a priori theoretical model. First, for model identification: 1) one path is fixed to 1 on each latent variable; 2) there were a minimum of three indicators per latent variable; and 3) the errors of the indicators were independent of each other. Then, all 37 items were analysed using AMOS 19.0, and its parameters were estimated via maximum likelihood procedure. The model was evaluated for goodness of fit using: 1) the Standardized Root Mean Square Residual (SRMR) with values of .08 or less are desired (Hu & Bentler, 1999) , 2) Root Mean Square Error of Approximation (RMSEA) values of .08 or less indicates adequate model fit (Brown & Cudeck, 1993) , 3) Comparative Fit Index (CFI) values greater than .90 support acceptable model fit (Bentler, 1990 ) and 4) the Tucker-Lewis index (TLI) with a value of 0.9 or more indicates a good fit (Hair, et al. 1998) . It is recommended to use more than one fit index (from two different categories) to evaluate the model fit (Hu & Bentler, 1998 , 1999 as a ratio less than 5:1 may produce unstable results (Kline, 1998) . The parameters estimated were greater than the absolute value of 1.96 significant at p< .05 (t>1.96, p<.05), and the interpretability or strength of the parameter estimates (i.e., absence of Heywood cases and no negative variances) was also observed.
FINDINGS
Findings from survey analysis showed (see table 2) the reliability of the constructs ranged between .79 (TPK) and .88 (PK). It was observed that the indicators were strongly related to their purported latent factors (ranging from β=.52, t=5.46 to β=.85, t=6.87, significant at p<.001) establishing the convergent validity of the measurement model. Figure 2 presented the factor loadings estimates for all seven TPACK constructs. Factor loadings of >.50 are recommended for the sample size of <200 (Hair et. al., 2010) . The results for the measurement model suggested that the sevenfactor model fits the data reasonably well, χ2/df = 1.672 (χ2 = 1016.630, df= 608) and p = .000, TLI = .85, CFI = .86, RMSEA = .07 (.06 -.08) and SRMR = .06, fit indices suggesting an acceptablefitting model (Brown, 2006) . According to Kim & Bentler (2006) , if a model has a "good" fit using more than one category, the model is an acceptable fit with the data under study. The chi-square statistic is recognized to be biased with small sample sizes (Jackson, 2003; MacCallum, Widaman, Preacher, & Hong, 2001) . Thus the ratio of the χ2 to degrees of freedom (χ2 /df) less than 3 was suggested to indicate a good-fitting model (Chin, et al. 1995) .
The interrelationships of TPACK factors
The correlations between the seven knowledge domains were all positive, ranging from the lowest value r = .48, t=3.75, p<.001 between TK and PK, to the highest, r=.94, t=5.50, p<.001 between TPK and TPACK and r=.94, t=5.97, p<.001 between PCK and TPACK (see table 3 ). It was observed that the correlations between PCK and TPACK, TPK and TPACK; and TCK and TPACK were more than .90, indicating that there is a high overlapping between these three domains. In other words, pre-service teachers could not differentiate the three domains, PCK, TPK and TCK from the domain of TPACK. However, to be consistent with a priori theoretical model, we decided to keep the four constructs as distinct factors instead of collapsing the two dimensions into a single factor. The correlations between the other latent variables was less than .90 (Hair et. al., 2010) , thus establishing the discriminant validity. 
DISCUSSION
The Technological, Pedagogical Content Knowledge (TPACK) model clarifies the need to develop technological knowledge, pedagogical knowledge and content knowledge and suggests that the importance of combining three different components to enhance teaching with technology (Mishra & Koehler, 2006) . Technological pedagogical content knowledge (TPACK) can be defined as understanding the connection and interaction between the technological knowledge (technology tools: computer), content knowledge (subject to be taught) and pedagogical knowledge (strategies, practices, approach, and method of teaching and learning). As proposed by Mishra and Koehler (2006) , teachers are best prepared with the understanding of this knowledge. It was found in this study that the seven-factor model of TPACK was acceptably fit with the data collected from the secondary school pre-service teachers in Malaysia. The convergent validity was established with items loaded highly on the expected factors. The study provided another support for the robustness of this instrument in terms of the reliability, construct validity and applicability of its adapted and translated version in a different context. In other words, the adapted and translated TPACK survey was found to be a valuable self-report instrument for measuring pre-service teachers' TPACK knowledge. Furthermore, this study contributed to increased reliability of TPACK instrumentation as well as gathering a data set in Malaysia for the first time.
The structure of the TPACK model had been found to be inconsistent in previous studies. For example, some studies identified all domains of the TPACK model: Schmidt et al. (2009) identified a seven-factor model and Shinas, Yilmaz-Ozden, Mouza, KarchmerKlein & Glutting (2013) reported an eight-factor model; while others found aspects had been combined: Chai et al. (2010) found a four-factor model and identified a fivefactor model of TPACK. Specific teaching about TPACK in teacher education program was identified as likely to be linked with more understanding of TPACK. For instance, students at a Midwestern university in USA had been introduced to TPACK in a 3-credit course that introduced ICT in learning and teaching. Following the course, a study was conducted to perform a validation of TPACK model which identified a seven-factor model (Schmidt et al., 2009) , and a similar course in a mid-Atlantic university in the United States (Shinas et al., 2013) . TPACK was also emphasized in a 12-week compulsory ICT integration course entitled "ICT for Meaningful Learning" in Singapore that reported eight factors of TPACK (CK factor was separated into two specific CK factors) (Chai, Koh & Tsai, 2011) .
Where students had not been taught about TPACK the model had less factors; as in this Malaysian case study. In this study, the Malaysian pre-service teachers did not clearly distinguish their PCK, TPK, TCK and TPACK, suggesting that these pre-service teachers could not differentiate between the technology-related domains and the PCK. Koh, Chai and Tsai (2010) administered their TPACK survey at the beginning of the programme to Singaporean pre-service teachers who interpreted the items in TCK, TPK and TPACK as being in a similar domain and interpreted the PK and PCK items as one factor. This research therefore recommends, along with Koh et al. (2010) that the TPACK instrument include the phrase "without using technology…" at the beginning of all PCK items in order to help pre-service teachers differentiate between PCK and the technology-related domains. Furthermore, both recommend using subject-based TPACK items in TPACK surveys to help pre-service teachers distinguish the different TPACK factors, especially in the case of secondary subject specialists as compared to primary or early childhood education generalists where content is more integrated. Lux, Bangert and Whittier (2011) in their study identified a six-factor model. Although they did not state clearly whether the pre-service teachers had been introduced to TPACK before the distribution of the survey, it is believed that the six-factor model emerged not only after the method course but also during field experience. Furthermore, the absence of TCK domain in their study was believed to be because the pre-service teachers could not separate the selection of their PK when choosing the technology to be used in teaching (Lux, Bangert & Whittier, 2011) . Additionally, to understand and develop TPACK, one needs to concentrate on choosing the appropriate technology within specific topics and pedagogical activities as TPACK is very context specific (Mishra & Koehler, 2006) . Therefore, variations occurred when teachers attempted to apply TPACK within their own context as the model is contextualised to specific topics and activities (Cox & Graham, 2009 ).
FUTURE DIRECTIONS FOR RESEARCH
This study was designed as a case study situated within particular context in Malaysia, therefore limiting the generalizability of the findings to other contexts. Despite the limitations of the transferability of the findings the case study methodology utilized in this study provided an opportunity to conduct the research within a naturalistic environment. This approach allowed the researcher to conduct an in-depth investigation of the phenomenon as well as to contribute to the research field as there is a lack of studies which have investigated pre-service teachers' TPACK in Malaysian secondary schools. Furthermore a case study allows theoretical generalization which enables the researcher to take a perspective which suits their context (Yin, 2009 ).
Further studies are therefore recommended in order to provide more insights to deepen understanding of how to effectively integrate ICT in teaching, including field experience. As exemplified in the current study, the TPACK survey, with some adaptations, was proven a reliable and valid instrument to be used in the setting of the current research. Despite evidence of good psychometric properties of the instruments used in this study, validity of the instruments in similar settings needs to be further enhanced through replication of the study. Further research into the practice of a larger sample of Malaysian pre-service teachers may reveal further variations of practice as well as enable greater confirmation and generalisation of these findings. Furthermore, the sample involved in this study was secondary school pre-service teachers. Thus, other areas that are recommended for further research include primary school preservice teachers and in-service teachers.
Additionally, greater understanding of TPACK may be required for pre-service teachers before adequate gains in using ICT in teaching can be achieved. Thus, the promotion of TPACK in Initial Teacher Education programmes can expose pre-service teachers to the complexity of knowledge interaction, to further their knowledge and skills through practice while teaching during field experience. This approach can help pre-service teachers develop the knowledge and skills required to effectively integrate ICT in teaching. However, in realising the potential of integrating ICT in teaching, especially during pre-service teachers' field experience, the schools have to be well equipped with ICT facilities and support. It is recommended that this knowledge should be integrated in the Initial Teacher Education curriculum with more attention to improving access to ICT in Initial Teacher Education and the schools. It is also suggested that the TTF measure should be contrusted with those applied in this research study. The TTF TPACK survey measures two perceptions of preservice teachers (1) ICT use for future teaching and (2) support of students' learning. In contrast, the current study and that of Schmidt et al. measures the perceptions of pre-service teachers in all seven TPACK domains. It appears that the selection of two of the seven domains and the addition of a view on teacher's use and students' learning may improve the measurement of TPACK.
